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Abstract : A rapid and accnrate assessment of the stability of surveying and mapping reference points is impor-
tant for post - disaster rescue, disaster relief and reconstruction activities. Using Precise Point Positioning 
( PPP) technology, a mpid assessment of the stability of the IGS sites in China was performed after the Ms7. 0 
Lushan earthquake using mpid precise ephemeris and rapid precise satellite clock products. The results show 
that the earthquake had a very small impact and did not cause significant permanent deformation at the IGS 
sites. Most of the sites were unaffected and remained stable after the earthquake. 
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1 Introduction 
A Ms7. 0 earthquake occurred in Lushan county, Ya 
an city, Sichuan province. Post-disaster reconstruction 
was crucial, and geodetic measurements and elevation 
references using GPS technology were required for the 
post-disaster response. An important step in obtaining 
mapping reference points is comparing measurements 
between the national GPS network and the International 
GNSS ( Global Navigation Satellite System, formerly 
referred to as the IGS/International GPS Service) net-
work. However, the national GPS network and the IGS 
sites in China were likely impacted by the earthquake. 
A comprehensive assessment of the stability of the IGS 
sites in China, including calculating their three-dimen-
sional coordinates with high precision , was critical to 
ensuring the accuracy of mapping and surveying refer-
ences in the disaster area after the earthquake. 
Immediately after the Lushan earthquake, the stabil-
ity of the IGS sites in China was mpidly assessed using 
precise point positioning technology ( PPP). Because 
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the collection of data from the URUM site was inter-
rupted by the earthquake , the stability of four other 
IGS sites, including BJFS, SHAO, WUHN and 
LHAZ , was analyzed to improve the precision of map-
ping and surveying for the emergency response. 
2 Precise point positioning technology 
Precise point positioning technology is based on GPS 
precise ephemeris and precise clock differences provid-
ed by IGS sites. Users can achieve real-time or later 
high precision location ioformation with observational 
data from a single dual code GPS receiver over thou-
sands of square kilometers or even worldwide1'2 • Com-
pared to differential GPS positioning, GPS precise 
point positioning technology is more simple and flexible 
and does not require a base station. The positioning re-
sults directly reflect the changes in the GPS site loca-
tion, are not affected by base station stability, and are 
effective for monitoring instantaneous crustal move-
ments and geological hazards[']. 
2. 1 PPP functional model 
In precise point positioning, the precise ephemeris and 
precise satellite clock error elimination also eliminate 
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low-order ionospheric effects using dual-frequency com-
bination observations that are obtained from the free 
pseudorange and phase observation equations as fol-
lows[4-7J : 
Pl. = <f.,Pf -f~PDf(f~-/~) 
= p, +edt' + M( (J')ZWD + L dp;., (1) 
<l>fr = (f~,<l>f- f .,<I>D/(f~-/~) 
= p, +edt' + M(IJ')ZWD + N'rr + L dp~IF 
(2) 
In the formulas , the superscript g represents the 
satellite , Pi is the pseudorange observations , tP i is the 
carrier phase observations ( distance) , P rr, <l>rr are 
the combined ionosphere free pseudorange and carrier 
phase observation values, p represents the distance 
from the satellite to the ground, e is the speed of light 
in a vacuum , dt is the receiver clock error, ZWD is 
the troposphere zenith direction wet delay, M ( IJ) is 
the projection function, and Nw is the combined iono-
sphere free phase ambiguity. L dp is the sum of val-
ues that the pseudorange and phase observations and 
the remaining errors do not take into account, such as 
tidal corrections, antenna phase center offsets , and 
multipath and observation noise. 
2. 2 PPP stochastic model 
A stochastic model of the observations must be deter-
mined before obtaining the PPP solution using GPS da-
ta. Commonly used stochastic models include the sat-
ellite elevation angle method, the signal-to-noise ratio 
method, and real-time estimation. A stochastic model 
that is based on the satellite elevation angle is dis-
cussed here. The model is expressed by formula ( 3) : 
(3) 
in which u is the observation noise, a and b are con-
stants, and E is the satellite elevation angle (unit: ra-
dian) . Based on the types of observations ( pseudor-
ange , phase difference) , the coefficients a and b can 
be set to different values. Alternatively, a and b can 
be fixed in advance; the noise coefficient can then be 
obtained , and then the noise level of the other types of 
observation values can be detennined according to the 
ratio of the noise pseudorange and phase observations 
( usually 2 - 3 orders of magnitude) . 
Given a functional model and a stochastic model, 
the parameters can be estimated using sequential least 
squares or a Kalman filter, and the three-dimensional 
coordinates can then be calculated. The receiver clock 
error, tropospheric zenith delay and combined iono-
sphere free ambiguity parameters can also be ob-
tained. 
3 Analysis of IGS station stability 
3.1 The experimental data selection 
The GPS data used in the experiment come from the 
four IGS sites in China: BJFS, SHAO, WUHN and 
LHAZ. The data span the three days before the earth-
quake ( UTC April 17 - 19 ) , the day of the earth-
quake ( UTC April 20th) and the three days after the 
earthquake ( UTC April 21 - 23). The sampling inter-
val of the GPS data is 30 second. The locations of the 
epicenter and the four sites are shown in figure 1. 
The precise ephemeris and precision clock differ-
ence products that are currently provided by IGS are 
IGU IGR and IGS. The IGS final precise ephemeris 
and precision clock difference are the most accurate 
products, but they are substantially delayed. Users 
must wait 13 -20 days to obtain the products for subse-
quent PPP solutions. The IGR rapid ephemeris and 
clock difference are more current than the IGS final 
products ; their lag is only 17 hour, but the accuracy is 
ronghly equal to the accuracy of the IGS final precise e-
phemeris and precision clock difference. Therefore, the 
IGS rapid precise ephemeris ( 15 minutes sampling in-
terval) and rapid precision clock difference ( 5 minutes 
sampling interval) products are used instead of the IGS 
final products to obtain the PPP solution. 
3. 2 Analysis of PPP single epoch results 
The dynamic PPP model is used in each epoch to ana-
lyze the station coordinates variable. The satellite cut-
off angle is set to 10°. The precise static/ dynamic po-
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sition software TriP, which was developed by the Wu-
han University Institute of Surveying and Mapping, is 
used. The geocentric coordinates of the sites on the 
days before and after the earthquake and the day of the 
earthquake can be obtained through every epoch. The 
differences can be obtained by comparing the geocen-
tric coordinates with the reference coordinates of the 
IGS sites. Because the data from station LHAZ is 
missing from the day after the earthquake, only data 
from the day before the earthquake and the day of the 
earthquake from stations BJFS, SHAO, WUHN and 
LHAZ are given here. The deviations of the geocentric 
coordinates in the N , E and U directions are shown in 
figure 2. 
By calculating the positioning errors of the four sta-
tions, the root mean square ( RMS) error of the posi-
tion deviations is obtained for each station. The RMS 
values are shown in table 1. 
As shown in figure 2 and table 1 , the position preci-
sion of stations BJFS and SHAO is 3 -4 em m map 
view and better than 10 em in elevation. Because of 
the observation environment , the position deviations of 
stations WUHN and LHAZ were significantly higher 
than those at stations BJFS and SHAO. Figure 3 shows 
the number of visible satellites and the geometric dilu-
tion of precision of the four stations during the same 
time period. Significantly fewer satellites were availa-
ble at station WUHN than at the other stations; only 
four common view satellites were visible , and the geo-
metric structure was poor. The data from station LHAZ 
included three breaks that resulted in repeated initial-
ization of the positioning results. 
Figure 1 Locations of the Lushan earthquake and the four sites 
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Figure 2 Relative positions between the Lushan earthquake epicenter and the IGS stations in China 
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Table 1 Root mean square errors of the dynamic PPP 
position deviations for four IGS stations (unit: m) 
RMS of position deviation 
IGS station 
E N u 
BJFS 0.032 0.045 0.092 
SHAO 0.036 0.037 0.095 
WUHN 0.062 0.055 0.171 
LHAZ 0.069 0.050 0.108 
Figure 3 shows that there were no significant dis-
placements for the four stations during the earthquake. 
This was because these stations are located far from the 
earthquake ; the nearest station , WUHN , is 1300 km 
from the epicenter. In addition, because the accuracy 
of the station locations based on the dynamic PPP tech-
nology was at the cm-dm level, the observation noise 
was greater than the displacement of the station. 
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Therefore, to accurately assess the post-seismic 
deformation at the IGS stations , the static PPP mode 
should be used to process the GPS observation data 
from before and after the earthquake, and the stability 
should be analyzed by comparing the station coordinate 
data from before and after the earthquake. 
3. 3 Analysis of the PPP results of static positions 
Because of the GPS station errors on the day of the 
earthquake , which may affect the accuracy of the static 
PPP solution, the GPS data from three days before and 
three days after the earthquake were used to obtain the 
coordinates of the four IGS stations before and after the 
earthquake and to calculate the differences ( dE , dN 
and dU) and point offsets (3D). The results are 
shown in table 2. 
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Figure 3 Nwnher of visible satellites and GDOP values for four IGS stations 
Table :Z Coordinate changes for the four stations before and after earthquake (Unit: m) 
Before After Error Offset 
E N u E N u dE dN dU 3D 
BJFS 0.005 -0. 027 -0.011 0.003 -0.029 -0.012 0.002 0.002 0.001 0.003 
SHAO -0.012 -0.021 0.012 -0.016 -0.022 0.014 0.004 0.001 -0.002 0.005 
WUHN -0.015 -0.027 0.007 -0.010 -0. 026 0.008 -0.005 -0. 001 -0.001 0.005 
LHAZ 0. 018 -0. 019 0.002 0. 011 -0. 017 0.008 0. 007 -0. 002 -0. 006 0.009 
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Table 2 shows that the precision of the IGS stations 
coordinates obtained using static PPP is high; the posi-
tion deviation in the E and U directions is only 1 mm -
1 em. The systematic errors in the N direction for the 
satellite orbit error, clock error and other factors are 
approximately 2 em, but they do not affect the station 
stability analysis because the systematic deviations were 
eliminated when the pre-earthquake and post-earth-
quake differences and point position offsets were calcu-
lated. A comparison of the pre- and post-earthquake 
coordinate differences shows that the errors nf the E , N 
and U components at the four stations are small. In 
particnlar, the errors in the N and U directions at sta-
tions BJFS, SHAO and WUHN are only 1 - 2 mm , so 
the resulting point offset is very small; it is on the 
order of one millimeter. Therefore , the earthquake had 
stations and that there were no significant displace-
ments. Thus, the sites can be used as reference points 
for rescue , disaster relief and post -disaster reconstruc-
tion activities. 
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